tissue or organ. [7] [8] [9] [10] Abnormal lncRNA expression is closely related to many diseases, including cancer. Linc00152 is a class of lncRNA that is expressed uncontrollably in various tumor tissues, especially in malignant tumors of the digestive system, and is highly correlated with the formation, development, and metastasis of tumors. 11, 12 This review summarizes the progress in the research regarding the relationship between linc00152 and the occurrence and development of malignancies.
| OVERVIEW OF LINC00152
Although lncRNAs are distributed in the cytoplasm, nucleus, and organelles, they are mainly present in the nucleus. 13 At least 4%-9% of mammalian genomes are eventually transcribed into lncRNAs. 14 The secondary and tertiary structures of lncRNAs are complex and versatile, but there is currently no effective classification method available. According to the location and affinity of lncRNAs and the adjacent protein-coding genes, lncRNAs can be classified into the following five categories 15 : (a) antisense lncRNAs, which are transcribed in the reverse direction from the adjacent coding genes and overlap other protein-coding genes (eg shared exons); (b) intragenic lncRNAs (intronic lncRNAs), which originate from the intron of a protein-coding gene but have a limited nonoverlapping region and are transcribed from relatively adjacent protein-coding genes in either direction; (c) heterologous lncRNAs (divergent lncRNAs), which are transcribed in the opposite direction from the promoters of adjacent protein-coding genes; transcription often involves several hundred base pairs from the transcription start site of the adjacent protein-coding genes; (d) intergenic lncRNAs (lincRNAs), which are co-transcribed from proteincoding genes that do not share promoters, exons, or introns; and (e) enhancer-type lncRNAs (enhancer RNAs), which are transcribed by enhancers and can regulate the long-distance or short-distance mediation of the interaction between an lncRNA enhancer and other transcription factors in the genome. Additionally, lincRNAs, which represent the main lncRNAs, are involved in many biological processes, 16 36 and infantile hemangioma. 37 Cao et al 26 applied a cDNA microarray to analyze the profiles of differentially expressed lncRNAs in 88 gastric cancer tissue samples and paired adjacent normal tissues. They detected 80 kinds of differentially expressed lncRNAs, of which the expression levels of linc00152 were particularly significantly different. Subsequent research involving qRT-PCR has confirmed that linc00152 is overexpressed in gastric cancer cells, and that the expression level is positively correlated with the invasiveness of tumor cells. [25] [26] [27] [28] [29] [30] [31] After silencing linc00152 with small interfering RNA, the growth of gastric cancer cells reportedly slows down and the cell cycle is arrested. Additionally, there is an increase in apoptosis, but a decrease in cell invasion and metastasis. Linc00152 expression is also upregulated in the gastric juice of patients. 27 Another study revealed that cytoplasmic linc00152 expression is upregulated in many gastric cancer samples, and the knockdown of linc00152 can inhibit tumor growth. 28 The linc00152-induced cell proliferation in gastric cancer proves that linc00152 can bind to EZH2, suppressing p15 and p21 to accelerate the cell cycle. The expression of linc00152 is also positively related to tumor invasion, lymph node metastasis, and cancer progression (according to the tumor-node-metastasis [TNM] stage). 29 Linc00152 also induces glycolysis, which is a key feature of gastric cancer, by inhibiting miR-139-5p, to control the production of the AMP-activated, alpha 1 catalytic subunit. 34, 38 In addition to gastric cancer cells, Cai et al 39, 40 discovered that linc00152 is also overexpressed in gallbladder cancer cells, with similar activities during the progression of cancer. Both in vitro and in vivo experiments have demonstrated that the upregulation of linc00152 expression promotes the proliferation and metastasis of gallbladder cancer cells and the growth of mouse xenografts, while also repressing apoptosis. Transcription factor SP1, which is important for tumor growth and differentiation, can specifically recognize the linc00152 promoter region and activate the PI3K/AKT signaling pathway to promote the proliferation and differentiation of gallbladder carcinoma cells. In mice, the knockdown of linc00152 in gallbladder carcinoma cells significantly inhibits cell invasion and metastasis, and markedly reduces peritoneal metastasis, suggesting that linc00152 is crucial for promoting the development, progression, and metastasis of gallbladder carcinoma cells. 39 Additional research has revealed that linc00152 can be used as a miRNA "sponge" that "adsorbs" miR-138, which in turn upregulates the expression of the hypoxia-inducible factor-1α gene and promotes tumor cell invasion and metastasis. 41 Therefore, linc00152 may represent a new target for the diagnosis and treatment of gallbladder cancer.
A similar mechanism was observed in non-small cell lung cancer (NSCLC). Specifically, Zhang et al 41 determined the knockdown of linc00152 can inhibit the cell cycle (especially the G1 phase) to delay cell proliferation. This was revealed by the considerable decrease in EGFR, PI3K, and AKT activities and the epithelial intercellular transition via the suppression of fibronectin and vimentin downstream of the EGFR/PI3K/AKT signaling pathway to inhibit cell invasion and migration, in addition to an increase in P21 production to promote apoptosis. 41, 42 This not only clarified the linc00152 mechanism related to the progression of NSCLC but also suggests that linc00152 is a potential therapeutic target. Several studies concluded that linc00152 expression is also upregulated in lung adenocarcinoma (LUAD) cells. [43] [44] [45] Additionally, linc00152 is overexpressed only in patients with a poor prognosis. The inhibition of linc00152 expression in LUAD cells may decrease cell proliferation and colony formation. 45 However, Feng demonstrated that the underlying mechanism may involve the binding of linc00152 to EZH2, which negatively regulates IL-24 production, thereby inhibiting tumor cell apoptosis. The two mechanisms may be both associated with lung cancer progression, and these results imply that linc00152 may be a potential target for lung cancer treatments. 45 Glioma is an intracranial cancer that is highly invasive and resistant to available drugs, making the prognosis for glioma patients very poor. 46 Linc00152 binds to miR-16 in human glioma cells to induce proliferation, migration, and invasion, which can be further enhanced by the induction of BMI1 expression. Thus, linc00152 can be considered as an oncogene influencing cancer progression. A previous study on glioma stem cells (ie a glioma subtype) by Yu at al. 47 revealed that the overexpression of linc00152 can accelerate cell proliferation, migration, and invasion, but inhibit apoptosis because of an interaction with a tumor suppressor, miR-103a-3p. Furthermore, they also reported that linc00152 can increase the production of embryonic zinc finger protein 1 (FEZF1), which then targets miR-103a-3p and facilitates promoter activities that initiate the expression of the oncogenic gene encoding cell division cycle 25A (CDC25A), which further activates PI3K/AKT pathways that mediate the malignant behavior of glioma stem cells. 48 In the hepatitis B virus-associated HCC, the effects of linc00152 on tumor progression are the result of increased linc00152 transcription due to the X protein (HBx). The suppression of linc00152 inhibits cell proliferation and invasion. 49 A different mechanism is also responsible for the development of HCC, during which linc00152 targets the EpCAM promoter to stimulate the mTOR pathway to promote cell proliferation.
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The linc00152 expression level is significantly higher in clear cell renal cell carcinoma tissues than in the paired adjacent normal tissues, and the upregulated linc00152 expression is correlated with TNM stage. A previously conducted multivariate analysis illustrated that linc00152 can be used as an independent prognostic factor in patients with clear cell renal cell carcinoma, with high linc00152 expression levels associated with a poor prognosis. 34 Downregulated linc00152 expression delays the proliferation and invasion of clear cell renal carcinoma cells, while apoptosis is accelerated, indicating that linc00152 affects the occurrence and development of clear cell renal cell carcinoma. However, the mechanism underlying the linc00152-mediated regulation of tumor cell proliferation and invasion in clear cell renal carcinoma will need to be characterized in future studies. 34 Furthermore, other mechanisms exist in different cancer types. For example, linc00152 is deregulated during breast cancer progression. 21 Triple-negative breast cancer is a type of basal-like breast cancer, whose development is related to the suppressive effect of linc00152 on BRCA1/PTEN via mammalian DNA methyltransferase. 36 In colorectal cancer, linc00152 promotes the proliferation, migration, and invasion in the miR-139-5p/NOTCH 1 axis, while also inducing the resistance of colorectal cancer cells to 5-fluorouracil-mediated apoptosis. 50, 51 Moreover, linc00152 can facilitate the epithelial-to-mesenchymal transition and metastasis in colon cancer by binding to cytoplasmic β-catenin, thereby impeding casein kinase 1 (CK1)-induced β-catenin phosphorylation and enabling β-catenin as well as linc00152 to be translocated into the nucleus in a positive feed-forward circuit. 52 The progression of renal cell carcinoma is correlated with the elevated level of linc00152, which contributes to lymph node metastases, advances in TNM stage, and shorter overall survival. Additionally, downregulated linc00152 expression decreases cell proliferation and shortens the S phase, possibly because of the epigenetic suppression of P16 and inhibition of miR-205. An earlier investigation involving RNA immunoprecipitation and chromatin immunoprecipitation confirmed that linc00152 binds to EZH2, lysine-specific histone demethylase 1 (LSD1), and histone H3 during the pathogenesis of renal cell carcinoma. 53 Nötzold et al 54 detected upregulated linc00152 expression in lung, liver, and breast cancers, but not in Burkitt's lymphoma. A cell viability assay indicated that inhibited linc00152 expression can disrupt cell proliferation. They also demonstrated that the knockdown of linc00152 by a prometaphase arrest can indirectly induce the apoptosis of transfected HeLa cells, further implying that linc00152 may participate in the cell cycle by interacting with proteins related to the M phase; however, the mechanism mediating this interaction remains unclear. 54 Other studies have also suggested that linc00152 affects the cell cycle. The associated mechanism may be related to the activation of the mTOR signaling pathway ( Figure 1 ) followed by an interaction with an epithelial cell adhesion molecule promoter. The average linc00152 expression level in gastric cancer is also associated with tumor size, but not with the metastasis or differentiation. 28, 57 These results suggest that linc00152 is important for regulating the progress of liver cancer, and may be clinically useful for the diagnosis and treatment of liver cancer. 
| Dual role of linc00152 as an oncogene and tumor-suppressor gene
On the basis of several studies, linc00152 represents an oncogene in diverse cancers, 48, 58 including gastric cancer, 28, 29, 31, 32 liver cancer, 20 HCC, colon cancer, gallbladder cancer, 39, 41 and renal cell carcinoma. 34 Zhang et al 12 reported that linc00152 expression is lower in colon cancer tissues and cell lines than in normal tissues and cells. Additionally, transfecting colon cancer cells with the linc00152 gene decreases cellular activity, but enhances apoptosis. 37 In-depth research revealed that the hypoxic microenvironment of cancer tissues can increase the abundance of miR-376c-3p, which can negatively regulate linc00152 expression, and affect its target genes (eg, ki-67, Bcl-2, and Fas) to activate apoptosis pathways. Thus, linc00152 may have a dual role as an oncogene and tumorsuppressor gene in colon cancer 38, 59 ( Figure 2 ).
| REGULATION OF LINC00152 IN HUMAN TUMORS
When we investigated the relationship between linc00152 and gastric carcinogenesis, we observed that linc00152 can specifically recognize the EGFR-binding site and activate the PI3K/AKT signaling pathway to promote the proliferation of gastric cancer cells. 31 Moreover, PI3K signals help regulate many cellular functions such as proliferation, differentiation, apoptosis, and glucose transport. The signaling pathway comprising type IA PI3K and its downstream molecular protein kinase B (PKB or AKT) was recently determined to be closely related to the development and progression of human tumors. 32 This pathway regulates the proliferation and survival of tumor cells, and its abnormal activity can lead to the development of malignant cells, while also facilitating cellular migration, adhesion, tumor angiogenesis, and the degradation of the extracellular matrix ( Figure 3) . Furthermore, p15 and p21 are important tumor-suppressor factors regulating the cell cycle. Linc00152 can downregulate the expression of p15 and p21, leading to an unregulated cell cycle. 29 Thus, linc00152 influences the occurrence and development of gastric cancer by regulating cell proliferation and signaling pathways related to the cell cycle. Linc00152 is more highly expressed in colon cancer tissues than in normal tissues, and this upregulated expression is positively correlated with the clinical stage and lymph node metastases. 41 Functional analyses indicated that linc00152 can promote cell proliferation and chemotherapeutic drug resistance. The mechanism responsible for these observations may be related to linc00152 functioning as a ceRNA that binds to miR-193a-3p, which can upregulate the expression of EGFR4, and then activates the AKT signaling pathway, eventually increasing the drug resistance of tumor cells. 35 Yang et al 60 55 Li et al 11 reported that linc00152 is overexpressed in the peripheral blood cells of HCC patients, and its expression level is closely related to tumor size, differentiation, invasion of the capsule, and the TNM stage, which influences the utility of linc0052 for diagnosing cancers. Furthermore, the combined detection of linc00152 and AFP markers in the blood can improve the diagnosis of early-stage liver cancer. Hu et al 60 applied bioinformatics methods to study esophageal cancer, and revealed that linc00152 expression levels are significantly higher in esophageal squamous cell carcinoma cells and dysplastic esophageal tissues than in normal esophageal tissues. Moreover, linc00152 expression is correlated with the poor prognosis of esophageal squamous cell carcinoma. Meanwhile, a risk score formula implied that linc00152 may be a potential molecular biomarker for the early prediction of esophageal squamous cell carcinoma. Linc00152 expression levels also represent a "fingerprint" for predicting HCC tumorigenesis. 62 Because the linc00152 expression level is highly correlated with tongue squamous cell carcinoma progression, relapse, and invasion, and is responsible for the short overall survival, linc00152 can also be applied for diagnosing tongue squamous cell carcinoma and monitoring the prognosis of patients. 63 A multivariate analysis suggested that linc00152 may be useful as an independent prognostic factor in patients with colon cancer. 64 The potential utility of linc00152 as a biomarker has also been suggested based on earlier studies examining gastric cancer . 31, 32, 65 Several meta-analyses have verified the application of linc0012 as a biomarker for diagnosing cancers. 66, 67 A metaanalysis of eight trials unveiled strong correlations between linc00152 and the diagnosis, prognosis, and metastasis of cancers, particularly lymph node metastases. 68 A recent metaanalysis of the data for 913 cancer patients further confirmed the diagnostic utility of linc00152 as well as its association with lymph node metastases, advances in the TNM stage, and shorter overall survival. 69 Because many studies have revealed the mechanisms underlying linc00152 effects in diverse cancers (Table 1) , linc00152 or the molecules associated with its activities represent candidate therapeutic targets. In summary, linc00152 is abnormally expressed in a variety of tumor tissues, and is closely related to the proliferation, invasion, metastasis, apoptosis, and chemoresistance of tumor cells. Using relevant technologies to disrupt linc00152 expression can affect the biological behavior of tumors, thereby providing new options for tumor diagnoses, targeted therapies, and evaluations of curative effects. However, the available research regarding linc00152 has been mostly limited to the primary functional stage of digestive system tumors. The relationships among linc00152, other types of tumors, and specific regulatory mechanisms in tumors remain unknown. It is also unclear whether linc00152 cooperatively functions with other lncRNAs or miRNAs to regulate the occurrence and development of tumors. The continuous application of new technologies and the development of related disciplines will more comprehensively characterize linc00152 activities. Furthermore, linc00152 may be useful as a new tumor molecular biomarker.
